Abstract A phase sensitive detector (PSD) described permits the realization of any phase response by means of many like stages in cascade or in parallel. Two such configurations one providing the best phase selectivity and the other the best phase discrimination sensitivity are discussed in detail to demonstrate practical applications. The performance of a prototype detector supports the principles of operationL
INTRODUCTION
THE CAPABILITY of improving a signal-to-noise ratio (SNR) makes a phase sensitive detector (PSD) very attractive to a high sensitivity detection. This has caused the divergent works on it, leading to the development ofvarious types of PSD [1] , such as the lock-in amplifier in a scientific instrument [2] , [3] , the synchronous or coherent detector in a communication system [4] , and the homodyne system in a microwave spectrometer [5] , [6] . Though differing in their construction, they are based on essentially the same principle of detection; multiplication of a received signal by the phase-coherent reference carrier. Their phase response is therefore expressible as cos 0 with 0 being a phase difference between the signal and the reference carrier.
This phase response is not as sensitive as one might expect from their name, but is only available to reject the noise in quadrature with the signal. This results in the highest possible improvement in SNR to be 3 dB for a white noise [7] . Further Fig. 1 shows a schematic diagram of a cascadable PSD. It consists of three main parts; the oscillator driving the frequency translator and the balanced modulator, the heterodyne and homodyne systems forming the reference and signal channels, respectively. The oscillator is referred to as a modulation source when involved in the frequency translator and as a subcarrier source in the homodyne system [1] .
Here it is identified as a local oscillator and its frequency as an IF.
The heterodyne system consists of a phase shifter, frequency translator, and mixer 1. It operates as a frequency converter. The homodyne system consists of a phase shifter, balanced modulator, and mixer 2. It operates as a phase detector. Now let us assume that the phase-coherent reference carrier and the signal are written to be of the form
respectively. After passing through the phase shifter, the reference carrier is divided into two parts: one applied directly to mixer 2 and the other to the frequency translator. The output of the frequency translator is then given by
This output is mixed with the phase-shifted signal in mixer 1 to provide the reference output
where
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_j-T TG given by (4) and (8) with the subscript i replaced by n. Lowering order n progressively using (5) and (9) for the square law and (10) for the linear law operation, one can express the outputs of nth stage in terms of the signal amplitude and the original phase information. For square law operation, 
Vs(j) = Hi Vr(i -1) Vs(i -1) COS oi and Hi is the conversion gain ofthe homodyne system. Also, only (oi component is retained in (8) .
Equations (5) and (9) 
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Incidentally, A03-dB iS ir/2 rad for n = 1, and 0.27r rad for n = 7. This phase response is useful for detecting a signal with the fixed frequency and fixed phase.
B. Phase Discrimination Response
The phase discrimination response takes the differential form of the phase selective response. The differential operation is easily accomplished in a conventional PSD by shifting the reference phase by r/2 rad. This is, however, not true in the present PSD as evidenced by shifting 0 in (15) by 7r/2. Hence the differential operation should be replaced by the difference one. Fig. 4 explains schematically how this is operated; the difference between the two selective responses symmetrical about /0 gives the phase discrimination response when their spacing AO is appropriate.
The discrimination sensitivity, defined as the ratio of an incremental change in output voltage to an incremental change in phase, is given by Sd = AVO/A0 = 2n sin (A4/2) cos"n (AO/2) (17) and becomes maximum when AO/2 = tan-' (n -1)(1/2).
Incidentally, when n = 3, Sd takes the maximum value 2.3 when AO is 70°, which is 2.3 times larger than that of a conventional PSD. One scheme for implementing the phase discriminator quoted herein is shown in Fig. 5 .
This phase response is useful for demodulating a phase information.
IV. PROTOTYPE DETECTOR A prototype detection system has been implemented for experimental confirmation of the principles described above. It consists of seven stages of PSD, each individual stage except for the last one having the same configuration as that shown in Fig. 1 . The last stage comprises only one mixer followed by a low-pass filter, thus providing not IF but video output. The signal frequency is chosen to 9.5 GHz. This choice facilitates the phase measurement because of a commercially available calibrated phase shifter. The IF's are 47 MHz, 30 MHz, 10.7 MHz, 3.2 MHz, 1 MHz, and 450kHz. These are so chosen as to avoid the crosstalk between the harmonics.
The frequency translator in each stage comprises a balanced modulator followed by a bandpass filter. The configurations of the heterodyne and homodyne systems are thus identical except for the bandpass filter.
The balanced modulator in the microwave stage consists of a circulator and a p-i-n diode mounted A),/4 away from a short. Those V. CONCLUSIONS The circuit configuration and principles of operation of a cascadable PSD have been described. The proposed PSD features its capability of providing any phase response by being connected in cascade or in parallel. Particular attention has been paid to the phase selective and discrimination responses from the practical viewpoint. The prototype detector has provided the sensitive selective response, supporting the principles.
The PSD described here is applicable to a lock-in amplifier to improve the phase selectivity and also to the phase comparison detector to demodulate phase-shift keying signals. The sensitized phase response realized here is considered to bring about a significant improvement in SNR, which is now under way.
